Determining occurrence and distribution is an essential 1st step in conservation planning for rare species. Spatial habitat models can be used to increase efficiency of field surveys and to improve understanding about factors influencing animal distributions. We used a modeling approach to identify and prioritize potential habitat for survey efforts for an uncommon mammal, the pygmy rabbit (Brachylagus idahoensis), for which detailed habitat data are limited. A base map of potential habitat in Idaho was defined using vegetation type and soil depth data. Documented locations (n ¼ 164) were used to evaluate additional habitat variables to prioritize the potential habitat for surveys. We conducted field surveys to evaluate the predicted habitat attributes and document presence or absence of the species. Newly confirmed occurrences (n ¼ 112) and absences (n ¼ 139) were used to assess accuracy in predicting habitat priority ratings. Overall model accuracy was 65%. Eighty-four percent of the new occurrences were located in the 2 highest priority ranks, and ,0.4% were located in the 2 lowest priority ranks. We offer several examples of how survey results can be used to improve the habitat model and increase efficiency of future survey efforts.
Determining species occurrence is a critical and often costly initial step in conservation planning. Rare plants and animals pose unique challenges to biologists attempting to delineate their distributions. Relatively few populations may persist, and remaining individuals may occur at low densities (Gaston 1994; Rabinowitz et al. 1986 ). Many uncommon species also are relatively unstudied, and, therefore, information about life histories, habitat requirements, reproduction, and behaviors, which could be used to tailor survey methods, may be limited (Doherty and Harcourt 2004; Edwards et al. 2005; Karl et al. 1999) . As a result, surveying for rare mammals can be a resource-intensive activity that diverts energy and funds away from other conservation efforts.
Efficient field surveys for uncommon mammals (i.e., those that maximize probability of locating individuals relative to the effort expended) should focus search efforts in areas where probability of occurrence is relatively high. Intuitively, biologists develop a ''search image'' for the types of habitats where a species has been observed and seek similar areas in which to conduct field surveys. Although this qualitative approach may result in identification of occupied areas, it has limitations. First, because a narrow range of habitats will be surveyed, limited information can be gained about the breadth of habitats occupied by the species of interest. Second, this approach does not permit a quantitative evaluation of habitat components associated with presence or absence. Last, a qualitative approach is unlikely to provide sufficient information to accurately estimate species distributions, a task for which more systematic procedures are required (Poon and Margules 2004) . Quantitative models of habitat relationships can be used to predict habitat suitability based on similarity of unknown locations with occupied habitat (O'Connor 2002) . Such models can serve as useful tools for evaluating habitat suitability over large areas and also for guiding survey efforts to those areas with higher probabilities of species occurrence (Edwards et al. 2005; Peterson et al. 2005) .
The pygmy rabbit (Brachylagus idahoensis) is an uncommon mammal for which knowledge of habitat use and requirements is currently incomplete. Pygmy rabbits have been characterized as sagebrush (Artemisia) specialists or obligates (Green and Flinders 1980a; Orr 1940) . Several studies have documented associations between pygmy rabbit populations and big sagebrush (A. tridentata), as well as selection by rabbits for sites with taller and denser sagebrush vegetation (Gahr 1993; Katzner and Parker 1997; Weiss and Verts 1984) . Because pygmy rabbits excavate burrow systems, soil characteristics including depth and texture also may influence their selection of habitat (J. Kehne, in litt.; Weiss and Verts 1984; Wilde 1978) . Presence of these general habitat attributes appears to have shaped both historic and current distributions of pygmy rabbits. Although the historic distribution is believed to have spanned much of the Great Basin, including shrubsteppe habitats in 8 western states (Green and Flinders 1980a; Lyman 1991) , occurrence of populations was likely patchy across the landscape (Green and Flinders 1980a; Weiss and Verts 1984) .
Recently, concern about the conservation status of pygmy rabbits has increased. The isolated Columbia Basin population in the state of Washington was listed as an endangered distinct population segment under the United States Endangered Species Act (Federal Register 2003) . A recent review of a petition for endangered status for all remaining populations concluded that insufficient data are available to evaluate the distribution and abundance of this species (Federal Register 2005) . Consequently, there is a recognized need for inclusive information about occurrence of pygmy rabbits and their habitat throughout their range.
We applied a modeling approach to prioritize and evaluate habitat for pygmy rabbits across a broad spatial extent. We 1st identified a general area of potential habitat across the state of Idaho and then used known locations of pygmy rabbits to evaluate a suite of habitat variables for prioritizing the potential habitat for survey efforts. We conducted field surveys to assess accuracy of the habitat data and recorded occurrence of the species. New location data for pygmy rabbits were used to assess how well the model predicted presence of rabbits in association with higher-priority habitats. This habitat modeling approach can be used to focus field survey efforts for rare mammals, while also improving understanding of the habitat associations affecting species distributions.
MATERIALS AND METHODS
Habitat model.-We reviewed literature to identify and select habitat attributes associated with presence of pygmy rabbits (or their burrows) across the range of the species. Variables included vegetation type and structure (Gabler et al. 2000; Gahr 1993; Flinders 1980a, 1980b; Katzner and Parker 1997; Wilde 1978) ; soil type and consistency (Gabler et al. 2001; J. Kehne, in litt.; Weiss and Verts 1984) ; topography including slope, elevation, and aspect (Gabler et al. 2000; Gahr 1993; J. Kehne, in litt.; Wilde 1978) ; and surface features such as alluvial fans and micro-mounded relief (Green and Flinders 1980b; Orr 1940; Roberts 2003) . We identified those variables from our literature review that could be characterized on a statewide scale using remotely sensed data to assess coarse-grain potential habitat for pygmy rabbits. Because pygmy rabbits are closely associated with sagebrush and fires that remove sagebrush vegetation impact habitat suitability for this and other sagebrush species (Nelle et al. 2000; Roberts 2003 ), we also included fire history in our models.
We used a geographic information system to build a broadscale habitat model. We used vegetation data from the Idaho Gap Analysis Project at a resolution of 30 m 2 and a minimum mapping unit of 2 ha for upland vegetation types (Scott et al. 2002) . We derived elevation, slope, and aspect at 30-m 2 resolution from the National Elevation Database (United States Geological Survey data). Broadscale (1-km 2 resolution) estimates of average soil depth-to-bedrock and percentage clay content in upper soil layers (,60 cm) were obtained from the United States multilayer soil characteristics data set (Miller and White 1998 For all modeling, locations ,300 m apart were excluded to limit spatial dependence. Pygmy rabbits were reported to restrict movements to within 50 m of burrows (Orr 1940; Wilde 1978) ; however, sizes of home ranges appear to vary between seasons, sexes, years, and possibly study areas (Gahr 1993; Katzner and Parker 1997) . Reported home-range sizes have ranged from 0.05 ha (adaptive kernel-Katzner and Parker 1997) to 20.2 ha (minimum convex polygon -Gahr 1993) . Assuming a circular distribution, the radii of circles with those areas are 13 m and 254 m, respectively. Therefore, we chose a 300-m threshold for our points to reduce the potential for dependence among individuals.
We defined a base map of potential habitat for pygmy rabbits in Idaho using the 2 attributes that are consistently associated with their presence, sagebrush vegetation (Artemesia) and soil depth (Green and Flinders 1980b; Weiss and Verts 1984) . We prioritized this potential habitat for survey efforts by plotting known occurrences of pygmy rabbits and evaluating those locations for the following variables: vegetation type, elevation, slope, and average percentage clay in the soil. Values for each variable that encompassed !80% of all known occurrences were considered higher priority, and were assigned a priority rating of 1. Values outside of those ranges were assessed as lower priority, and were assigned a priority rating of 2. We eliminated aspect from the model because aspect at the 164 known locations did not differ from a circular uniformity (Rayleigh test, R ¼ 6.430, P . 0.5). Because fire can have long-term effects on sagebrush habitats (Nelle et al. 2000) , we considered areas that had burned since 1990 to be lower priority rating. The priority values (1 or 2) for each habitat variable were averaged for each 30-m 2 pixel of potential habitat by overlaying the geographic information system layers. We assigned the average priority value to each pixel, and collapsed the values into categories that ranked habitat from higher to lower priority for survey efforts.
Field surveys.-We conducted field surveys at a random sample of sites stratified by habitat priority rank during June-September of 2003. We sampled across all strata including sites outside of predicted potential habitat; however, we emphasized the highest 2 priority ranks in selecting the sites for field surveys (30% of sites in priority rank 1, 25% in 2, 20% in 3, 10% in 4, and 15% in areas designated outside of potential habitat). At each survey site, we measured habitat variables (slope, elevation, vegetation type, and soil depth) and recorded evidence of recent fires. Slope was recorded using a clinometer and elevation was determined using an altimeter. We evaluated depth to bedrock by driving a metal stake into the ground at 3 locations per site. We did not quantify clay content of the soil because of the variability in soil characteristics across small spatial scales associated with pygmy rabbit burrows (Gabler et al. 2001; J. Kehne, in litt.) . The coarse grain of the statewide soil data (1-km resolution) meant that such resolution was not possible, and evaluation of a coarse-grain habitat variable with fine-grain data was not appropriate. We retained percentage clay in the habitat model because it reduced priority ratings for broad regions with rocky or sandy soils.
We determined presence of pygmy rabbits at each sampling site by direct observation of the animals or by observation of burrow systems in association with fecal pellets. At each site, we surveyed a 90-m Â 90-m area surrounding each random point. This was accomplished by walking transects across the area and visually searching the entire ground surface. Although we cannot quantify detectability, we expended equal effort at each site to minimize variation in detectability across sites. We used the presence of small lagomorph fecal pellets to distinguish rabbit burrow systems from those of other semifossiorial mammals. During spring and early summer, juvenile mountain cottontail (Sylvilagus nuttallii) pellets overlap in size with those of pygmy rabbits. When lagomorph pellets could not be confidently assigned to pygmy rabbits, we revisited sites during autumn or winter to reevaluate evidence of the presence of pygmy rabbits. At that time of year, juvenile cottontails have attained adult body size, and the sizes of fecal pellets from the 2 species of rabbits do not overlap. We determined absence of pygmy rabbits by a failure to observe individuals or burrow systems and pellets of pygmy rabbits. In addition to searching at the randomly generated sampling sites, we also searched for pygmy rabbits while navigating to survey locations. No live animals were captured or handled for this research.
Model evaluation.-We evaluated 2 aspects of the habitat model. First, we assessed how well the model predicted habitat variables on the ground by evaluating percentage of random survey sites classified correctly into the higher-or lower priority categories for each habitat variable. Second, we assessed model accuracy in predicting higherpriority habitats in areas occupied by rabbits using sites with confirmed presence that were different from data used in building the model. The testing data set of new locations (!300 m apart) was obtained in 2 ways. First, we conducted follow-up surveys during the winter of 2003-2004 around areas where we had identified new populations during the survey of random sites. Second, other biologists reported new locations; those occurrences were recorded either during trapping efforts or field surveys that followed up on opportunistic discovery of new populations during [2003] [2004] . The new locations represented points collected in 9 areas across Idaho, and although populations may be difficult to delineate, these areas likely represent 9 distinct populations. We evaluated the overall accuracy of the model and calculated Cohen's kappa statistic (k-Jenness and Wynne 2005, http://www.jennessent.com/arcview/kappa_stats.htm, accessed 25 February 2006) for presence and absence of rabbits against predicted higher-priority habitats (categories 1 and 2) versus lower-priority habitats (categories 3 and 4).
RESULTS
A base map of potential habitat for pygmy rabbits was defined using 2 attributes, shrub-steppe vegetation and soil depth. All of the 164 known locations of pygmy rabbits in Idaho (Fig. 1 ) existed in areas of average mapped soil depth !60 cm, and all but 8 occurred in one of the xeric shrub vegetation categories defined in the Idaho Gap Analysis Project analysis (Scott et al. 2002) . Therefore, we defined potential habitat for pygmy rabbits in Idaho as those areas that were mapped as xeric shrub with soil depths !60 cm. These 2 variables defined an area of 5.7 million ha as potential habitat (Fig. 2a) .
We prioritized the large area designated as potential habitat using additional habitat characteristics (Table 1) . Average priority values per 30-m 2 pixel ranged from 1 (higher priority for all habitat layers) to 2 (lower priority for all habitat layers) in 6 categories. We collapsed the lowest 3 categories into 1 because relatively little area was delineated within each of the lowest categories (2,649 ha and 65,740 ha). This resulted in 4 priority ranks, which we used for stratifying and prioritizing the potential habitat for surveys (Fig. 2b) . Higher priority values indicated areas with habitat characteristics most similar to known occupied sites. The area within the 2 highest priority categories totaled just over 3.4 million ha, which represents a reduction of approximately 40% from the potential area designated using just soil depth and sagebrush vegetation.
We evaluated habitat characteristics during field surveys at 141 random sites. Of those, 17 were located in areas that were not included in the potential habitat base map. The remaining 124 sites were assessed with respect to correct classification for the higher and lower priority ratings for each habitat variable ( Table 2) . The model predicted habitat priority categories on the ground correctly at 80-95% of the locations, with the notable exceptions of the lower priority categories for fire history (i.e., areas that had burned since 1990) and slope. Examination of our fire data did not always identify recent burns; we found evidence of recent fires at 17 sites that were predicted to have been free of fire since 1990. We sampled relatively few sites (n ¼ 20) with measured slopes in the lower priority category (.88), and at each of those sites, the habitat model predicted shallower slopes.
We located 4 new populations during field surveys for presence of pygmy rabbits. We identified potential evidence of pygmy rabbits at 12 of the random sampling sites; however, follow-up autumn and winter surveys revealed that 10 of those sites supported cottontail rabbits, but not pygmy rabbits. We confirmed presence of pygmy rabbits at 2 of the random sites, and we also confirmed an additional 2 new populations of pygmy rabbits while navigating to random survey sites.
We used 139 locations of documented absence of pygmy rabbits at the random survey sites and 112 new locations of confirmed presence to assess model performance in predicting use of higher-priority habitats by rabbits. Eight-four percent of the new locations were in areas predicted to fall within the top 2 priority ranks and ,4% were in the lowest 2 priority ranks (Table 3 ). In contrast, the survey sites where we documented absence of rabbits were distributed across all priority ranks. Overall model accuracy was 65% when presence-absence was evaluated against the 2 highest and 2 lowest predicted habitat categories. Classification accuracy differed significantly from random (K ¼ 0.314, var ¼ 0.004, P , 0.0001).
Not all habitat variables were equally useful in identifying site use by rabbits. Thirteen percent of the new confirmed locations were in areas designated as ''nonhabitat,'' primarily FIG. 2.-Spatial habitat model predicting a) potential habitat for pygmy rabbits in Idaho defined using 2 habitat variables (vegetation cover type ¼ xeric shrub and average depth-to-bedrock !60 cm) and b) priority ranks for potential habitat assigned using the habitat variables described in Table 1 . The highest priority rank designates areas with habitat attributes most similar to known occupied sites. because of predicted soil depths ,60 cm, which suggested that our cutoff value for soil depth was too stringent. Two variables, vegetation type and fire history, were most informative in characterizing sites used by rabbits. Of the 112 new locations, 78% were predicted to have higher-priority vegetation (sagebrush types) and 10% fell within lower priority vegetation; use of mountain mahogany (Cerocarpus ledifolius), which was classified as a lower-priority vegetation type, was more pronounced in the southwestern region of the Idaho. None of the 112 new locations were located in areas that were predicted to have burned since 1990. In contrast to fire history, our elevation categories provided limited information for predicting presence of pygmy rabbits (Table 4) .
DISCUSSION
Because detailed information about habitat relationships for pygmy rabbits is limited, we adopted a conservative approach in building our habitat model. We opted to err on the side of overestimating potential habitat (commission error) rather than eliminating potentially suitable habitat from consideration. This resulted in designation of .5 million hectares within Idaho as potential habitat (Fig. 2a) . Undoubtedly, as more information about the ecology of pygmy rabbits becomes available, much of that area will prove to be unsuitable and unused. To focus survey efforts, we prioritized the potential habitat such that those areas that included habitat characteristics more frequently associated with pygmy rabbits in Idaho received higher priority. We refrained from assigning greater importance or statistical weight to certain habitat variables because data were not available to evaluate the relative importance of various habitat components for this species.
Prioritizing the potential habitat provided a basis for ranking areas for field survey efforts. Most of the known locations occurred in the highest 2 priority ranks, which covered approximately 60% of the area designated as potential habitat. Thus, restriction of survey efforts to those categories would result in a 40% reduction of survey area. Of 112 new locations, 84% occurred in the highest 2 priority ranks. Although surveys restricted to higher-priority areas would fail to detect some occurrences, such an approach may increase the rate at which new populations are documented by focusing field efforts in areas with potentially suitable habitats.
We sampled across all priority ranks, including sites in areas that were not considered potential habitat to evaluate how well the model predicted habitat on the ground. We confirmed presence of pygmy rabbits at only 2 of 73 randomly generated survey sites that were within the 2 highest priority ranks. At least 3 issues may contribute to this relatively low success rate. First, our model may fail to correctly identify habitat characteristics selected by pygmy rabbits. This assertion can be evaluated using an independent data set of positive locations that were not used to build the model. Eighty-four percent of 112 new documentations of pygmy rabbits were located in areas predicted to be in the highest 2 priority ranks, and none were located in the lowest priority rank. The overall classification accuracy of 65% for a course-grain model indicated that the model performed reasonably well in predicting general habitat used by pygmy rabbits. Second, factors other than habitat affect species occurrence, and as is true for many rare species, all potential habitat is unlikely to be occupied (Heglund 2002) . It is possible that currently unoccupied sites are in fact suitable, and that they may become occupied in the future if populations expanded (Fielding and Bell 1997) . Habitat models for rare species often result in overprediction of presence for this reason. Third, animals select habitat at multiple scales (Johnson 1980; Morrison et al. 1998 ), and our model captures only broadscale information about habitat associations. Fine-scale habitat evaluation for pygmy rabbits suggested that selection occurred across the space of several meters (Gabler et al. 2001) .
Examining performance of individual habitat variables can help identify those habitat components that may be more or less useful in predicting species occurrence and defining distributions. We offer 3 examples for how this information can be used to refine our habitat model and increase understanding of habitat relationships. First, fire history was an important variable in distinguishing presence of pygmy rabbits; none of the newly identified rabbit sites exhibited evidence of recent fires, and sites that lacked rabbits often included areas that had burned since 1990 (Table 4) . Pygmy rabbits are considered sagebrush obligates (Green and Flinders 1980b) , and fires in southern Idaho have contributed to large-scale conversion of shrub-steppe to annual grasslands (Knick and Rotenberry 1997) . In our field surveys, we noted evidence of recent fires that were not recorded in our geographic information system layers of fire history. The minimum size of fires recorded in the fire data sets we used differed among agencies and years; updated fire data that correctly delineate fire perimeters would improve the accuracy of this model and are essential for habitat modeling for this and other sagebrush species. The United States Geological Service hosts the SAGEMAP Web site (http://sagemap.wr.usgs.gov/), which serves as a clearinghouse for geographic information system data associated with sagebrush ecosystems. Availability of current data will improve the usefulness of habitat modeling for sagebrush species. Second, in contrast to fire, elevation was a poor predictor of the presence of pygmy rabbits (Table 4) . Although midrange elevations were correlated with known pygmy rabbit locations used to build the model, the underlying cause for this pattern may not be related to the biology of the species. Understanding the processes that result in the observed patterns is critical for developing models that are useful for predicting species occurrence (Van Horne 2002) . Much of the lower-elevation shrubsteppe habitat in Idaho has been converted to agriculture. Additionally, midelevations are likely to be more thoroughly surveyed than the highest elevations because of greater road access and ease of foot travel. Populations of pygmy rabbits have subsequently been documented on the Continental Divide at .2,280 m (W. Estes-Zumpf, pers. comm.) and at other highelevation locations in Idaho (Roberts 2003) . Thus, elevation appears to be a poor predictor of the habitat needs of this species and should be removed from future habitat modeling.
A 3rd example of model refinement is a reevaluation of soil depth. We chose a depth to bedrock criterion of !60 cm to define potential habitat based on the initial limited data set of known rabbit locations. However, this value resulted in omission errors; 12.5% of the 112 new locations of pygmy rabbits were outside of what was defined as potential habitat, and half of those were located in areas with soil depths ,60 cm. Additionally, the soil data we used were coarsely mapped over 1-km 2 cells, and pygmy rabbits often use microsites with relatively deeper soils, such as along drainages, alluvial fans, and in areas with mounded earth topography known as ''mima mounds'' (Green and Flinders 1980a; Weiss and Verts 1984) . We suggest a cautious approach to use of soil depth data for identifying potential habitat for pygmy rabbits. A less stringent soil depth criterion (i.e., !30 cm) could be used to reduce omission error. Alternatively, soil depth could be used to prioritize rather than define potential habitat for this species.
We offer a few caveats for developing and using habitat models for prioritizing areas for field surveys. First, the spatial scale (extent and grain) for the data used to build the model needs to be matched with the scale at which the model is used. Models created at one scale may perform poorly if applied at other scales (Weins 1989) . Our goal was to identify potential habitat for pygmy rabbits across the state of Idaho, and, therefore, we used data from a statewide extent to both build and test the model. Previous habitat modeling work for this species also used coarse-grain data, but focused on a relatively small area (Gabler et al. 2000) . Conclusions based on such an approach may be misleading or incorrect when applied at broader scales. For example, aspect was identified as one of the most important variables associated with presence of pygmy rabbit burrows (Gabler et al. 2000) . However, that relationship appears to be a function of the local area where data were collected, and there was no relationship with aspect in the 164 known locations we used to build the statewide habitat model. Similarly, our model characterized habitat used by pygmy rabbits in Idaho, and other modeling efforts should be conducted to prioritize habitat in other portions of the species' range.
Our model was built with relatively coarse-grain data and consequently is most appropriately used over a broad geographic extent. It is unreasonable to expect a model developed at a coarse scale to accurately predict habitat use on a local scale. The real utility of the habitat modeling approach that we employed is to help biologists identify regions of the state in which to conduct finer-scale searches. Within local areas, biologists focused on finding individuals of an uncommon mammal should use local knowledge of the habitat to identify specific areas for field surveys. The random site selection we adopted was used to evaluate the model in an unbiased manner. To advance understanding of species distributions and habitat needs, broadscale approaches should be paired with on-site studies to more completely assess habitat associations at a range of spatial scales.
As with spatial scale, the appropriate temporal scale also must be considered. In this model, we used the most recent and most detailed vegetation data available on a statewide extent. However, the vegetation layers were created from satellite images from the early to mid-1990s (Scott et al. 2002) . Some of the randomly generated sampling sites for our field surveys were located in subdivisions and agricultural fields or pastures that were created during the past decade. Additionally, widespread fires have impacted sagebrush habitats in Idaho, resulting in conversion to exotic annual grasslands (Knick and Rotenberry 1997) . During our field surveys, a large fire removed sagebrush vegetation from one of the occupied sampling sites within 2 weeks after our survey. In areas where habitat change is occurring relatively rapidly, model data will need to be updated frequently to accurately predict potential habitat for the species of interest.
Models of habitat relationships should serve as heuristic tools for quantifying how animals use their environments. All models include assumptions and generalizations that are incorrect on some levels. Van Horne (2002) encouraged ecologists to move beyond the apprehension that arises from this knowledge, to use models to improve understanding of habitat relationships, and to identify areas where further research is warranted. The habitat modeling approach that we employed for pygmy rabbits represents a pragmatic method for accomplishing these goals. Biologists can identify potentially suitable habitat across a broad geographic region and use that information to focus survey efforts aimed at delineating species occurrence while simultaneously gathering data to improve understanding of species-habitat relationships.
